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Appli'c^tTOTi Serial No: 10/509,4$3 

Responsive to the Office Action mailed on: August 24, 2009 

This Response is in response to the Office Action mailed on August 24, 2009. 
Claims 5 and 7-1 1 are pending with claims 10 and 1 1 being withdrawn. 

§112, 1st Paragraph Rejection: . 

Claims 5 and 7-9 are rejected as failing to comply with the written description 
requirement. In particular, the rejection asserts an "accelerated electron beam'' emitted 
fiom the electron beam source is not supported in the specification. However, Applicants 
note that it would be understood by one skilled in the art at the time of the invention that 
in order for the electron beam to be used to evaporate the first thin film, the electron 
beam source must emit an accelerated electron beam in order to be capable of 
evaporating the first thin fihn material by heating. 

Applicants also submit an article from Wikipcdia on "Electron Beam Physical 
Vapor Deposition'' (ht^://en.wikipedia.org/wiki/Elcctron_beamjphysica^^ 
deposition) and a ptoduct marketing publication from JEOL for "Electron Beam Sources 
and Power Supplies", with the relevant portions highlighted, that provides further 
evidence that an accelerated electron beam is required in order to evaporate a thin film 
material. As discussed in the Wildpedia article, in a thin film deposition process a 
generated electron beam, is accelerated in order to melt and evaporate a liquid ingot 
material (see the last full paragr^h on page 1 of the Wikipedia article). The JEOL 
product marketmg publication also lists a variety of electron beam sources each with the 
feature of an accelerating voltage for use in evaporating a material (see pages 2-8, 10 and 
1 1 of the JEOL publication). Withdrawal of this rejection is requested, 

§103 Rejections: 

Claims 5, 7 and 9 are rejected as being unpatentable over DeLozanne (US Patent 
No, 5,004,721) in view of Higuchi (US Patent No. 5,079,224) and further in view of 
Yanai (US Patent No. 4,5 1 1,594). This rejection is traversed. 

Claim 5 is directed to an apparatus for manufacturing a thin fi Im in which the thin 
fihn is formed on a supporting base that recites, among other features, an electron beam 
source that is arranged m the vacuum container and emits an accel^ted electron beam to 
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Resj>onsive to the Office Action maited on; August 24, 2009 

be used to evaporate the first thim film raaterial by heating using an electron beam heating 
method. Claim 5 also recites that a path along which the accelerated electron beam 
emitted from the electron beam source reaches the electron beam evaporation source 
intersects with a line segment connecting the resistance heating evaporation source with 
the surface to be vapor-deposited 

The combination of DeLo^anne and Higuchi does not teach or suggest these 
features. The rejection continues to rely on Higuchi for teaching a path along which the 
accelerated electron beam emitted from the electron beam source reaches the electron 
beam evaporation source intersects with a line segment connecting the resistance heating 
evaporation source with the surface to be vapor-deposited. 

HovTBver, Applicants note that Higuchi does not teach that an electron beam is 
accelerated. Higuchi merely teaches that themuonic beams (unaccelerated electrons) 
intersect with evaporated streams of metallic elements in order to partially ionize the 
metallic streams, which allows the adhesion and crystallization of a resulting thin fihn to 
be improved (see column 3, lines 37-42 and column 4, lines 5 1-54 of Higuchi). 

Accordingly, Higuchi cannot teach an apparatus that is configured such that a 
path along which the accelerated electron beam emitted j&om the electron beam source 
reaches the electron beam evaporation source intersects with a line segment connecting 
the resistance heating evaporation source with the surface to be vapor-deposited. 

Further, it would not be obvious to one skilled in the art to modify the apparatus 
of DeLozanne with features of Higuchi to obtain the features of claim 5. The rejection 
argues that one skilled in the art would be motivated to modify the configuration of 
DeLozanne based on the teachings of Higuchi in order to ionize the barium prior to 
deposition to produce a superior thin film. However, one skilled in the art would not look 
to modify tlie configuration of DeLozanne, which uses an electron beam source 14a to 
evaporate yttriimi (i.e., emits an accelerated electron beam), based on prior art that 
teaches a configuration that does not use an electron beam source to evaporate a metal. 

Also, modifymg the configuration of DeLozanne with features of Higuchi in order 
to ionize metallic streams would require replacing the electron beam source 14a, which is 
used to evaporate yttrium, with a thermionic beam generator 41-43 that does not 
evaporate a thin film but merely ionizes metallic streams (see column 3, lines 37-42 and 
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resvat in c& confi gyration irx wKicti ctn electron bearri soxarcti is T5roviciocl tl:i3.t does not emit 
ojTL ctccelexrcttecl clectrrott ld«a.rrk &n<l therefore cannot e^ajporate; el first tirxin jElXxx5 material, cis 
Kiciuircd tey tJhie electr-on "hveELm. source of claim 5- Accordingly, it "wOiJ.ci not tie otrvioxas to 
one slcilled in tKe txrt to modify *1t<9 ooxkfigiaration of" D«9Loa;3Ltxrt« teased on tl>e teaoloings of 
^.iSucHi to obtain ek confisvix-eLtiott in wliicb a. pAth alozis "wHicH the accelerated electron 
tMsam eimittod firotrm fhe clecstroo beam source rcacltes the electron heaxn evaporation 
fsoujTce interr««cts with a. line segment connecting the resistaxice h.eatijng evaporation 
source -wjth the surface to be vapory-deposited^ as recited in cl^titn S. 

Yanai does not overcome the dcfioiencie* of Oel-ozziane and Mis^^e*"- I* is 
irrelevant, that "Vanal teaches eun electron beam, source emitting an accolea-ated electron 
beam. A.ppl i cants note that OeLozzane already teaches an electron beani source that 
evaporates a thin film material, and therefore teaches an electron beanx source that emits 
an accelerated electron beaxnu Thus. Yanai does not atppear to impact the patentability of 
the claimed features. 

For at least these reasona elalm. S is not susgested by the combination of 
Oel-OsEanne, Hig\ichi and Yonai and should be allowed- Claims "7 and 9 depend firom 
claim 5 and should be allowed for at least the same reasons. 

Claim 8 is rejected as being; unpatentable over 0eX.02anne in. vie^w of .'(Tis^^^ and 
further in view of Suzulci CUS I^atent^ No. ^.<S22,©1»>. This rejection is traversed. Claim 
8 depends from claim. 5 and sliould be allowed for at least the same reasons described 
above. >Vppl i c cmts do not concede the correctness of this rejection. 



Respyonslvo to ttio OflTicci <l<^.ction xnailoci on: August 24, :2009^ 

Afsplicants resi>c5crtfully assert that the pending claims are in condition for 
allow^ancc If a telephone conference vs^uld be helpful in resolving any issues concemins 
this communication, please contact Applicants' primaxy attomey-of record, Oouglas E*. 
Klueller CE<>«S- TSTo. 30»300>, at C612> A-SS-3S04.. 



Dated: -Mo^yrtber p^ aOQg 



RcspectdRally submitted, 
P.O. Oo3c 2^02 

K^inneapolis. lvll^X 55402-0^02 
By: . 



3s- l^To. ^o.-t-^a 

.TAI-ZahleOls 
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Electron beam physical vapor deposition 

From Wikipedia, the free encyclopedia 

Electron Beam Physical Vapor Deposition or EBPVD is a form of physical vapor deposition in 
which a target anode is bombaided with an electron beam given oflTby a charged tungsten filament 
under high vacuum. The electron beam causes atoms jfrom the target to transform mto the gaseous 
phase. These atoxn$ then precipitate into solid fonn, coating everything in the vacuum chamber with 
a thin layer of the anode material. 
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Introduction 

Thin film deposition is a process applied in the semiconductor industry to grow electronic materials, 
and in the aerospace industry to form thermal and chemical barrier coatings to protect surfeces 
against corrosive environments and to modify surfaces to have the desired properties.The deposition 
process can be broadly classified into physical vapor deposition (PVD) and chemical vapor 
deposition (CVD). In CVD, the film growth takes place at high temperatures, leading to the 
formation of corrosive gaseous products, and it may leave impurities in the film. The PVD process 
can be earned out at lower deposition temperatures and without corrosive products, but deposition 
rates are lower and it leaves residual compressive stress in the film. Electron beam physical vapor 
deposition, however, yields a high deposition rate from OA\xm/ min to 1 00 tim / min at relatively 
low substrate temperatures, with very high material utilization efficiency. The schematic of an 
EBPVD system is shown in Fig 1 . 



Thin film deposition process 

In an EBPVD system, the deposition cliamber is evacuated to a pressure of 10"^ Torr. Tlie material to 
be evaporated is in the form of ingots. There are as many as six electron guns, each having a power 
jQrom few tens to hundreds of kW, Electron beams can be generated by thermiomc^en^^ field 
electron emission or the anodic arc method . The generated electron beam is/accelerated )to a_hig h, 
kine tic ener gy and foc used towards the ingot When thefacbelerating voitagejis bet ween 20 ^^--^5 
kV and the beam current is a few amperes, 85% of the kinetic energy of the electrons is converted 
mto thermal energy as the beam bombards the surface of the Ingot. The surface temperature of the 
ingot increases resulting in the formation of a liquid meh. Although some of incident electron energy 
is lost in the excitation of X-rays and secondary emission, the liquid ingot material evaporates under 



vacuum. 

The ingot itself is enclosed in a copper crucible, which is cooled by water circulation. The level of 
molten liquid pool on the surface of the ingot is kept constant by vertical displacement of the mgot 
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The 




Fig I Electron Beam Physical Vapor Deposition 



number of jDgot feeders depends upon the material to be deposited. The evaporation rate may be of 
the order of 10"^ g/cm2 sec. 

Material evaporation methods 

Refectory carbides like titanium carbide and borides like titanium boride and zirconium boride can 
evaporate without tindergoing decomposition in the vapor phase. These compounds are deposited by 
direct evaporation. In this process these compounds, compacted in the form of an ingot, are 
evaporated in vacuum by the focused high energy electron beam and the vapors are directly 
condensed over the substrate. 

Certain refractoty oxides and carbides undergo fragmentation during their evaporation by the 
electron beam, resulting in a stoichiometiy that is different from the initial material. For example, 
alumina, when evaporated by electron beam, dissociates into aluminum, AIO3 and AI2O. Some 
refractory carbides like silicon carbide and tungsten carbide decompose upon heating and the 
dissociated elements have different volatilities. These compounds can be deposited on the substrate 
either by reactive evaporation or by co-evaporation. In the reactive evaporation process, the metal is 
evaporated from Qic ingot by the electron beam. The vapors are carried by the reactive gas, which is 
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oxygen, in case of metal oxides or acetylene in case of metal carbides. When the thermodynamic 
conditions are met, the vapors react with the gas in the vicinity of the substrate to form films. Metal 
carbide films can also be deposited by co-evaporation. In this process, two ingots are used, one for 
metal and the other for carbon. Each ingot is heated with a differejrit beam energy so that their 
evaporation rate can be controlled. As the vapors arri ve at the surface, they chemically combine 
under proper thermodynamic conditions to farm a metal carbide film* 

The substrate 

The substrate on which the film deposition takes place is ultrasonically cleaned and fastened to the 
substrate holder. The substrate holder is attached to the manipulator shaft. The manipulator shaft 
moves translationally to adjust the distance between the ingot source and the substrate. The shaft also 
rotates the substrate at a particular speed so that the film is uniformly deposited on the substrate. A 
negative bias D.C. voltage of 200 V - 400 V is applied to the substrate Focused high energy 
electrons from one of the electron guns preheat the substrate. 

Ion beam assisted deposition 

EBPVD systems are equipped with ioii sources. These ton sources are used for substrate etching and 
cleaning, sputtering the target and cot)trolling the microstructure of the substrate. The ion beams 
bombard the surface and alter the microstructure of the film. When the deposition reaction takes 
place on the hot substrate surface^ the films develop an internal tensile stress due to the mismatch in 
the coefficient of thermal expansion between the substrate and the film. High energy ions can be 
used to bombard tliesc ceramic thermal barrier coatings and change the tensile stress into 
compressive stress. Ion bombardment also increases the density of the film, changes the grain size 
and modifies amorphous films to polycrystalline films. Low energy ions are used for the surfaces of 
semiconductor films. 

Advantages of EBPVD 

The deposition rate in this process can be as low as 1 nm per minute to as high as few micrometers 
per minute. The material utilization efficiency is high relative to other methods and the process 
offers structural and morphological control of films. Due to the very high deposition rate, this 
process has potential industrial application for wear resistant and thermal barrier coatings in 
aerospace industries, hard coatings for cutting and tool industries, and electronic and optical films for 
semiconductor industries. 

Disadvantages of EBPVD 

EBPVD is a line-of-sight of deposition process. The translational and rotational motion of the shaft 
helps for coating the outer surface of complex geometries, but this process cannot be used to coat the 
inner surface of complex geometries. Another potential problem is that filament degradation in the 
electron gun results in a non-uniform evaporation rate. 
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Retrieved from 'M:ittp://en.wikipedia.org/wiki/Electron_beamjphysica^ 

Ca^tegories: Thin film deposition — 

■ This page was last modified on 26 October 2009 at 22:4 1 . 

■ Text is available under the Creative Commons Attribution-ShareAlike License; additional 
terms may apply. See Ternis of Use for details* 

Wikipedia® is a registered trademark of the Wikimedia Foundation, Inc., a non-profit 
organization. 
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Low Voltage Feedthrough 



I BS-63010LV5iiO 




High Voltago Feedthrough 



VdCUUTn side 



AtmospherB sido 




i 




Filaments 
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10PCS/CA 
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When you w,:jnt io order fi la men is or grid n5?;rjmblies- ple^if;[^ contact JFQL DATUM Ltd. 
Parts AdrninislTation Group : TEL +81-42-542-1192 FAX +31-12-546^0307 
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This^operatlGh unit tsbfrtrorisl ttte JST-F ©eriea power supn 
pil^ vi^. DeviceNet communication. C&n .replace ah 
Existing operation unit for the JST-F series power sup- 
pliek^Vrtth thfe op#rStion unit. 



Features 



• One unit Incorporate* a oorrtrol ftjndlon tor two electron 
b'e^ifrt sources. 

« pevlceNi^ feiommunicattqn:«nab1es external PC bovMroi or 

sequencer contfol. 
•Coiwenticnal reinota Gor\trol is replaced by PC control via 

E^3-232C carhmunlca^on. 
•Accelerating voltage end deflection current can be externally 

controlled (JEBC^102 series. BS-60aiOVDGN« B8- 
. 60Q&OEBS and J£SG-1&$MB). 
•"lncorporate& a resldual-fleld erasing functioTi, 
•Various patterns can bo operated (filament annealing, melt" 

ing down, etc.).' 

• Scan Contnorter can be externally controlled {possible to 
specify scan pattern). 

• Emiesion-ounont cdrttrol can be selected from DeviceNet 
control end analog control (0 to 10 V). 

• Incorporates a filament-^nonltoring function (otitputting 
niament ONeccumulation time and Riamenl current). 

• Equipped witti ST-^EXTSIG axtomal'^ignal control function. 

* Cusiomera er^ required lo set pattern. 



Other Attachments for Power Supplies 



• 3X-20A E6 source divider 
(coresponding power supply: JST-10F, JST-16F) 
OperaUon unit: 2 

#5T-Z0;s BB source selector 
(con-esponding power supply: JST-3F, JST-10F, JST-16F) 
Operation unit: 1 

• SX-CXTSIG External atgnal VO 

(conrespondlnQ power supply: JST-3F, JST-IOF. JST-1 6F) 



ST-TRIPLE(F) Triple source coirtrollftr 

(corresponding alectrofi beam eourcei JEBG-303UA) 
The triple source controller Is attached to the power supply and 
enables amultaneous evapor^ion of throe evaporent^ In 
ona beam source. Eiactran beam Is Irradiated onto three 
pockets of e cmcible at a high ©peed of 10 ms/cyde <1/100 
$ec) while ^canning overeedh cmcible pocket. In eddltlon. you 
can set beam-in^dlatlon positfon for the pockets and scan 
width arbitrarily. 

Principle 

Iffadtatton time' of each bedm.^A, 6 and O l5 ddtamilned by the 
• set power rote signals (A: B; Cj, Thea Sdperposing each ©Mn 
signal on thte power* rate signers aJats the beam posltfone 
and shapes. 




ST-2PNS (F) Z point controller 

(corresponding electron beam source: JEBG-102UB) 
The 2 point cbntToller is attached to the power supply and ina- 
diates two points with an electron beam alternately, 
enabling simultaneous evaporation of two matenals- 
• Irradiation rate fbr two pockets can be changed from 
100:1 to 1:100. 

0!n the twro Cfudblas, It Is possible to scan the electron 

beam at high speed fbr both X and Y axes. 
•Crucible: maximum central clearance 20 mm, volume 2 

mLfbr each. 



ii 



III 

iii! 



lj;!^;?t?;* 



14 



PAGE 23QS ' RCVD AT ll/im 5:02:29 PM (Eastern standard Time] * SVR:U8PT0«^ 



11/18/2009 16:56 612-455-3881 



HSML, P.C. 



PAGE 24/25 



mm 




PAGE 24/25 ' RCVD AT 1 1/18/200) 5:02:29 PM [Eastern Standard Time] * SVR:USPTO-EPXRF-5/3 « DNIS:2738300* CSID:612455'3801 ' DURATION (min-$$):1M8 



" " 11/18/2009 16:56 612-455-3801 HSML, P.C. PAGE 25/25 




